an effect which could potentially be mediated at least in part by OSA. Incident atrial fibrillation, an important risk factor for HF, is associated with the degree of oxyhaemoglobin desaturation in OSA. 11 While longitudinal outcome data confirming the long-term risk of HF imparted by OSA are currently lacking, inferences might be drawn from a 10-year cohort study by Marin and colleagues, who showed an increase in fatal and non-fatal cardiovascular events in patients with severe, untreated OSA. 12 Thus, there is a compelling rationale to explore the role of OSA treatment on outcomes in HF.
The mainstay of therapy for OSA is continuous positive airway pressure (CPAP), which, when titrated properly, effectively maintains upper airway patency and prevents the acute physiological perturbations described above. In those who suffer from the classic, though not universal clinical symptom of excessive daytime sleepiness, CPAP is an effective countermeasure.
Two controlled, interventional trials of CPAP for OSA in the setting of HF have been performed, both yielding various positive results. 13, 14 Utilizing a randomized, parallel comparative design, the control groups were comprised of subjects optimally medically managed, though not subjected to placebo. The intervention was applied after a full, second night in-lab polysomnographic titration of CPAP. Kaneko and colleagues reported an approximately 9% increase in left ventricular ejection fraction (LVEF) and significant reductions in blood pressure after just 1 month of CPAP therapy. 13, 14 Mansfield et al. 13 studying a group of subjects with somewhat less severe degrees of both HF and OSA than did Kaneko, applied CPAP therapy for 3 months and showed significant improvements in LVEF and reductions in urinary catecholamines, but no changes in blood pressure (BP).
Smith et al. 15 elevate the methodology of OSA trials in HF to a rigorous new level, with a randomized, placebocontrolled, cross-over CPAP treatment design. In this protocol, subjects were randomly assigned to 6 weeks of either CPAP treatment utilizing an auto-titrating device or an identical placebo CPAP hardware set-up that delivered sub-therapeutic (approximately 1 cm H 2 O) pressure. Following a 1 week washout period, the subjects were crossed over to the other arm for another 6 weeks. In contrast to the two previous trials, 13, 14 Smith et al. could
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show no significant changes in any cardiovascular parameter with the use of CPAP.
How do we reconcile these disparate results? First, it is helpful to examine the methodological differences between the previous and current studies. One argument in favour of cross-over designs is that, using a subject as his or her own control, variations (both overt and hidden) between 'matched' groups are minimized, if not eliminated, thereby augmenting statistical power. 16 For example, it is possible that baseline between group differences in the severity of both OSA and LV systolic dysfunction in the Kaneko study may have influenced treatment outcomes. In the Mansfield paper, the control group had higher BP at baseline than did the CPAP group. There are, however, also potential drawbacks to the cross-over design, most notably the carryover of treatment effect beyond the washout period, thereby influencing the placebo interval.
Does the use of a placebo control help explain the differences between the studies? The finding in the current study of reduced sleepiness in both groups is supported by a number of prior treatment trials in OSA demonstrating significant placebo effects on validated measurements of sleepiness and quality of life associated with the use of a mask device delivering sub-therapeutic levels of pressure. 17, 18 Furthermore, the concern that wearing a non-therapeutic mask could worsen sleep quality and oxygenation has been refuted by a clinical trial utilizing a partial cross-over design. 19 Notwithstanding arguments for or against the relative importance of sleepiness and quality of life on cardiovascular measures, the lack of a placebo control could overestimate the pure effects of eliminating repetitive upper airway collapse in HF. On the other hand, the use of sub-therapeutic CPAP in the cross-over design of the current study may be a cause for concern. While it is reassuring that there were no significant differences in nightly duration of use between CPAP and placebo, it is possible that the group initially randomized to therapeutic CPAP took note of the reduction in delivered pressure after crossover, thereby potentially unblinding them.
What can be said about the use of auto-titrating CPAP in the current trial, the first to use such a device in the setting of HF? Auto-titrating CPAP is designed to deliver variable pressures throughout a night of sleep, according to upper airway mechanics that may change in response to sleeping position or sleep stage. Systematic reviews have shown auto-titrating CPAP to be a viable alternative to labbased titration of positive airway pressures in populations without overt cardiovascular disease. 20 Volume overload and variations in central venous pressure, characteristic of HF, particularly with recumbency, have been shown to acutely alter upper airway mechanics and luminal diameter. 21 While auto-titrating CPAP may be expected to be reasonably effective under such circumstances, its validity in this setting is not firmly established. Furthermore, unlike the two previous studies which had polysomnographic confirmation of CPAP efficacy, the current study does not, opening the door to possible undertreatment of OSA.
Second, methodological variations notwithstanding, the usual limitations of patient-based research on cardiovascular outcomes in OSA remain in all of these studies. Are several weeks of CPAP therapy adequate to measure functional outcomes in HF, particularly when adhered to ,4 h per night? What is the significance of the relative lack of sleepiness in HF patients with severe OSA and how does that influence the response to treatment?
Finally, even though clinicians caring for HF patients with OSA have many anecdotal cases of improvement of HF with OSA treatment, we need to recognize the less attractive, but real possibility that CPAP treatment of OSA may simply have no independent effect on cardiovascular measures in HF.
The important work done by Smith and colleagues clearly underscores the urgent need for large and robust clinical trials to help answer the greater and more fundamental question of whether or not CPAP treatment of OSA prevents cardiovascular events and/or death.
